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Abstract

Background Chronic kidney disease (CKD) is a significant public health concern associated with a high prevalence
of carotid plaques, which are indicators of atherosclerosis and predictors of adverse cardiovascular outcomes.
Inflammation is a hallmark of CKD, contributing to both renal dysfunction and cardiovascular complications. This
study aims to investigate the association between inflammatory markers—systemic inflammatory response index
(SIR), systemic immune-inflammation index (SI), aggregate inflammatory status index (AISI), monocyte to high-
density lipoprotein cholesterol ratio (MHR), neutrophil to high-density lipoprotein cholesterol ratio (NHR), neutrophil
to lymphocyte ratio (NLR), and monocyte to lymphocyte ratio (MLR)—and carotid plagues in CKD patients, and to
explore the potential mediating role of estimated glomerular filtration rate (eGFR) in this relationship.

Methods A cross-sectional analysis was conducted on patients admitted to the Division of Nephrology between
January 2023 and June 2023. The primary endpoint was the presence of carotid plaques assessed using ultrasound
imaging. Multivariable logistic regression models were used to examine the associations between inflammatory
markers and carotid plaques, and trend tests were performed to evaluate the trending association of carotid plaques
risk and inflammatory markers in tertiles. Restricted cubic spline (RCS) analysis was used to assess potential non-linear
relationships, and subgroup analyses were conducted to examine consistency across different strata. Mediation
analysis was performed to explore the role of eGFR.

Results Of the 609 participants, 387 were included in the final analysis after applying exclusion criteria. Elevated
levels of LnSIRI (OR=1.87,95% Cl=1.25-2.80), LnSIl (OR=1.67, 95% Cl=1.09-2.56), LnAISI (OR=1.70,95% Cl=1.22—
2.37), LnMHR (OR=1.94, 95% Cl=1.15-3.26), LnNHR (OR=1.82, 95% CI=1.10-3.02), and LnMLR (OR=2.26, 95%
Cl=1.18-4.34) were significantly associated with the presence of carotid plaques. There were significant trends for
increasing tertiles of SIRI, AISI, MHR and NHR. RCS analysis showed no significant non-linear associations. Subgroup
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proportions mediated ranging from 14.7 to 17.5%.

Trial registration Not applicable.

Atherosclerosis

analyses indicated similar associations across most strata. eGFR partially mediated these relationships, with

Conclusions Inflammatory markers are significantly associated with carotid plaques in CKD patients, with eGFR
playing a partial mediating role. These findings highlighted the importance of managing inflammation and
maintaining renal function to mitigate the risk of atherosclerosis in CKD patients.

Keywords Chronic kidney disease, Inflammatory markers, Carotid plaque, Estimated glomerular filtration rate,

Introduction
Chronic kidney disease (CKD) is a significant public
health concern, affecting a substantial proportion of the
global population [1]. Among patients with CKD, the
prevalence of carotid plaques is notably high [2]. Carotid
plaques, which indicate the presence of atherosclerosis,
are associated with an increased risk of cardiovascular
events, including stroke and myocardial infarction [3].
Epidemiological studies have demonstrated that the pres-
ence of carotid plaques in CKD patients is a strong pre-
dictor of adverse cardiovascular outcomes and mortality
[4, 5]. The increased burden of atherosclerosis in this
population underscores the need for early detection and
intervention strategies to mitigate the associated risks.
Inflammation is a hallmark of CKD, contributing to
the progression of renal dysfunction and the high prev-
alence of cardiovascular diseases in this population [6,
7]. Various inflammatory markers, including the sys-
temic inflammatory response index (SIRI) [8], systemic
immune-inflammation index (SII) [9], and others, are ele-
vated in CKD patients. These markers reflect the under-
lying inflammatory state and have been implicated in the
pathogenesis of atherosclerosis. Inflammation accelerates
the development of carotid plaques by promoting endo-
thelial dysfunction, oxidative stress, and vascular calcifi-
cation [10, 11]. The interplay between inflammation and
atherosclerosis in CKD patients highlights the impor-
tance of understanding the role of inflammatory markers
in the development and progression of carotid plaques.
Given the high prevalence of inflammation and carotid
plaques in CKD patients, we hypothesize that elevated
levels of inflammatory markers are associated with an
increased risk of carotid plaque formation. Furthermore,
we propose that the estimated glomerular filtration rate
(eGFR) mediates this relationship, as renal dysfunction
exacerbates inflammation and its vascular consequences
[12]. The primary objective of this study is to investi-
gate the association between inflammatory marker lev-
els and carotid plaques in CKD patients, and to explore
the potential mediating role of eGFR in this association.
By elucidating these relationships, our study aims to
contribute to a better understanding of the mechanisms

underlying cardiovascular risk in CKD patients and to
identify potential targets for therapeutic intervention.

Methods

Design and study population

This study was a retrospective cross-sectional analysis
conducted to explore the associations between inflam-
matory markers and carotid plaque in patients with CKD.
CKD was defined and staged according to the Kidney
Disease: Improving Global Outcomes (KDIGO) guide-
lines [13]. The study population comprised patients
admitted to the Division of Nephrology between January
2023 and June 2023. Ethical approval was obtained from
the Zhongshan Hospital Ethics Committee (B2021-740),
and all eligible participants provided written informed
consent.

Exclusion criteria

(1) Patients undergoing renal replacement therapy. (2)
Recent use of antibiotics within the past three months.
(3) Recent use of drugs known to influence lipid metab-
olism within the past three months. (4) Recent use of
glucocorticoids or immunosuppressants within the past
three months. (5) History of New York Heart Associa-
tion class III/IV heart failure. (6) Presence of acute infec-
tion. (7) Diagnosis of liver cirrhosis. (8) Severely elevated
serum alanine aminotransferase or aspartate aminotrans-
ferase levels (1.5 times higher than the normal upper
limit). (9) Diagnosis of malignant tumor. (10) Infection
with human immunodeficiency virus. (11) Recent major
surgery or trauma within the past three months. (12)
Severe anemia (hemoglobin levels below 60 g/dL). (13)
Severe electrolyte imbalance. (14) Uncontrolled hyper-
tension (blood pressure consistently above 150/100
mmHg). (15) Active autoimmune diseases (e.g., systemic
lupus erythematosus, rheumatoid arthritis). (16) Chronic
inflammatory diseases (e.g., Crohn’s disease, ulcerative
colitis) (17) Recent substance abuse (drugs or alcohol).
(18) Recent vaccination (past one month) (19) Severe
obesity (BMI>40 kg/m?®). (20) Pregnancy. (21) Missing
ultrasound of carotid artery.
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Definitions

Inflammatory markers

Inflammatory markers were calculated using blood sam-
ple data. Blood specimens were collected in the morning
after at least nine hours of overnight fasting. Full blood
counts were obtained from BD EDTA-K2 samples and
analyzed using a Sysmex XNO9000 electronic counter.
To measure HDL-C levels, Chemistry Analyzer Roche
Cobas ¢702 and Roche modular P were utilized. The for-
mulas for the inflammatory markers are as follows:

(1) Systemic Inflammatory Response Index (SIRI):
Calculated as neutrophil count (10°/L) times
monocyte count (10°/L) divided by lymphocyte
count (10%/L).

(2) Systemic Immune-Inflammation Index (SII):
Calculated as platelet count (10°/L) times neutrophil
count (10°/L) divided by lymphocyte count (10°/L).

(3) Aggregate Inflammatory Status Index (AISI):
Calculated as neutrophil count (10°/L) times
monocyte count (10°/L) times platelet count (10°/L)
divided by lymphocyte count (10°/L).

(4) Monocyte to High-Density Lipoprotein Cholesterol
Ratio (MHR): Calculated as monocyte count (10°/L)
divided by HDL-C (mg/dL).

(5) Neutrophil to High-Density Lipoprotein Cholesterol
Ratio (NHR): Calculated as neutrophil count (10%/L)
divided by HDL-C (mg/dL).

(6) Neutrophil to Lymphocyte Ratio (NLR): Calculated
as neutrophil count (10°/L) divided by lymphocyte
count (10%/L).

(7) Monocyte to Lymphocyte Ratio (MLR): Calculated
as monocyte count (10°/L) divided by lymphocyte
count (10%/L).

Body Mass Index (BMI)
BMI was calculated as weight in kilograms divided by
height in meters squared (kg/m?®).

Estimated glomerular filtration rate (eGFR)
eGFR was calculated using the CKD-EPI formula [14].

Carotid plaque

Carotid plaque was assessed using ultrasound imaging
and defined as a focal structure that encroaches into the
arterial lumen by at least 0.5 mm or 50% of the surround-
ing intima-media thickness (IMT) value or demonstrates
a thickness of more than 1.5 mm as measured from the
intima-lumen interface to the media-adventitia interface
[15].
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Covariates

Covariates included age, sex, body mass index, eGFR,
smoking status, diabetes mellitus, hypertension, cardio-
vascular and cerebrovascular diseases (CCVD), hemoglo-
bin, and serum albumin. These covariates were selected
based on their potential confounding effects on the rela-
tionship between inflammatory markers and carotid
plaque.

Statistical analysis

Descriptive statistics

Data following a normal distribution were presented as
meantstandard deviation, while those not normally
distributed were shown as medians with interquartile
ranges. Categorical data were expressed as frequencies
and percentages. Differences between groups (carotid
plaque vs. no carotid plaque) were assessed using the
Student’s t-test or the Wilcoxon rank sum test for con-
tinuous variables and the Pearson’s chi-squared test for
categorical variables.

Multivariable logistic regression

Due to the non-normal distribution of inflamma-
tory markers, natural logarithm (Ln) transformations
were applied. Multivariable logistic regression mod-
els were used to examine the associations between In-
transformed inflammatory markers and the presence of
carotid plaque. Three models were constructed:

Model 1 Crude analysis.
Model 2 Adjusted for age, sex, and BML

Model 3 Adjusted for age, sex, BMI, eGFR, smoking sta-
tus, diabetes mellitus, hypertension, CCVD, hemoglobin,
and serum albumin.

The results were expressed as odds ratios (ORs) with 95%
confidence intervals (CIs). Additionally, each marker
was categorized into tertiles to examine trends across
increasing levels.

Mediation analysis

Mediation analysis was performed to explore the poten-
tial mediating effect of eGFR on the relationship between
inflammatory markers and carotid plaque. The total,
direct, and indirect effects were calculated, and the pro-
portion mediated was reported with 95% Cls.

Subgroup and non-linear analyses

Subgroup analyses were conducted to investigate the
consistency of the associations across various strata,
including age, sex, BMI, eGFR, smoking status, diabe-
tes mellitus, and hypertension. Restricted cubic spline
(RCS) analyses were used to assess potential non-linear
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relationships between In-transformed
markers and carotid plaque.

inflammatory

Statistical Software

All statistical analyses were performed using R software
(version 4.3.2). Descriptive statistics and logistic regres-
sion analyses were conducted using the base and stats
packages in R. Mediation analyses were performed using
the mediation package. Restricted cubic spline analyses
were conducted using the rms package. A two-sided P
value of <0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 609 patients were initially screened for this
study, and after applying the exclusion criteria, 387
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patients were included in the analysis (Fig. 1), among
which 130 were with carotid plaque. The baseline char-
acteristics of the study participants are presented in
Table 1. The median age of participants with carotid
plaque was significantly higher than those without (63
years [IQR: 56-72] vs. 48 years [IQR: 36-58], P<0.001).
The proportion of males was higher in the carotid plaque
group compared to the non-plaque group (70.0% vs.
56.0%, P=0.008). Participants with carotid plaque had a
higher prevalence of diabetes mellitus (44.6% vs. 17.5%,
P<0.001), hypertension (85.4% vs. 66.1%, P<0.001), and
CCVD (28.5% vs. 7.4%, P<0.001). In terms of laboratory
indices, participants with carotid plaque had significantly
higher median levels of blood urea nitrogen (BUN) and
serum creatinine (SCr), but lower levels of hemoglobin
and eGFR. Inflammatory markers, such as SIRI, SII, AISI,

Patients with CKD
admitted to division of
Nephrology during
2023.01-2023.06
(N=609)

Exclusion Criteria:
+ Patients undergoing renal replacement therapy, (N=32)
» Recent use of antibiotics within the past three months. (N=15)

* Presence of acute infection. (N=14)

« Diagnosis of liver cirrhosis. (N=2)

« Severely elevated serum ALT or AST levels. (N=7)

» Diagnosis of malignant tumor. (N=6)

* Infection with human immunadeficiency virus. (N=0)

» Severe anemia (N=19).

+ Severe electrolyte imbalance (N=11).

+ Uncontrolled hypertension (N=23).

» Active autoimmune diseases (N=4).

* Chronic inflammatory diseases (N=3)

* Recent substance abuse (N=1),

+ Recent vaccination (N=2)

* Severe obesity (N=5).

* Pregnancy (N=1).

+ Missing ultrasound of carotid artery (N=15).

* Recent use of drugs known to influence lipid metabolism within the past three months.(N=26)
* Recent use of glucocorticoids or immunosuppressants within the past three months. (N=22)
* History of New York Heart Association class IIl/IV heart failure. (N=11)

* Recent major surgery or trauma within the past three months. (N=2)

Excluded
(N=222)

Final Subject Pool
(N=387)

Fig. 1 Flowchart of the patients enrollment
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Table 1 Patient demographics and baseline characteristics
Characteristic Carotid Plaque P

No, N=257' Yes, N=130'
Demographics
Age (y) 48 (36, 58) 63 (56,72) <0.001
Male (%) 144 (56.0%) 91 (70.0%) 0.008
BMI (kg/mz) 23.7(21.7,264) 24.7 (22.4,26.8) 0.122
Smoking (%) 36 (14.0%) 28 (21.5%) 0.060
Diabetes Mellitus (%) 45 (17.5%) 58 (44.6%) <0.001
Hypertension (%) 170 (66.1%) 111 (85.4%) <0.001
CCVD (%) 19 (7.4%) 37 (28.5%) <0.001
Laboratory indices
Hemoglobin (g/L) 122 (98, 137) 111(93,128) 0.016
Serum albumin (g/L) 36 (31, 39) 35(31,38) 0.086
BUN (mmol/L) 7(517) 11(7,18) 0.001
SCr (umol/L) 119 (78, 333) 154 (107, 355) 0.056
UA (umol/L) 410 (345, 504) 433(359,510) 0.221
eGFR (mL/min/1.73m?) 57 (16,92) 37 (14,64) 0.005
Proteinuria (g/24 h) 1.79(0.89, 3.56) 2.37(0.95, 4.06) 0113
TC (mmol/L) 4.77 (4.15,5.65) 4.76 (3.90, 5.92) 0.993
TG (mmol/L) 1.72(1.29,247) 1.73(1.17,242) 0.738
HDL (mmol/L) 1.08 (0.89, 1.39) 1(0.87,1.40) 0.742
LDL (mmol/L) 2.72(2.20, 3. 51) 2.79 (2.16, 3. 60) 0.901
WBC (x 10°/L) 6.37(5.16,7.59) 6.65 (5.33,8.02) 0.117
Neutrophil (x 10%/L) 3.90 (3.00, 4.80) 4.10(3.20,5.48) 0.101
Lymphocyte (x 10/L) 1.70 (1.30, 2.20) 1.65(1.20,2.18) 0.184
Monocyte (x 10%/1) 0.37 (0.28,0.49) 042 (0.34,0.53) <0.001
CRP (mg/L) 1.2(06,2.5) 2.0(1.0,4.9) <0.001
Inflammatory markers
SIRI (x 10%/L) 0.83(0.55,1.26) 1.03 (0.69, 1.63) <0.001
Sl (x 10%/L) 416 (294, 583) 471 (336, 751) 0.037
AlSI (x 10%/L) 149 (97, 248) 193 (126, 336) 0.001
MHR (x 10%/L/mmol/L) 0.008 (0.006, 0.012) 0.010(0.007,0.014) 0.003
NHR (x 10%/L/mmol/L) 0.09(0.07,0.13) 0.10(0.07,0.14) 0.098
NLR 2.19(1.67,3.00) 2.52(1.70,3.56) 0.041
MLR 0.21(0.17,0.28) 0.25(0.19,0.35) <0.001

AlSI: aggregate inflammatory status index; BMI: body mass index; BUN: blood urea nitrogen; CCVD: cardiovascular and cerebrovascular diseases; CRP: C-reactive
protein; eGFR: estimated glomerular filtration rate; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; MHR: monocyte to high-
density lipoprotein cholesterol ratio; MLR: monocyte to lymphocyte ratio; NHR: neutrophil to high-density lipoprotein cholesterol ratio; NLR: neutrophil to
lymphocyte ratio; SCr: serum creatinine; Sll: systemicimmune-inflammation index; SIRI: systemic inflammatory response index; TC: total cholesterol; TG: triglyceride;

UA: uric acid; WBC: white blood cell count

MHR, NLR, and MLR, were all significantly elevated
in participants with carotid plaque compared to those
without.

Association between inflammatory markers and eGFR

A correlation analysis was performed between eGFR and
various inflammatory markers (Additional Table 1). The
results revealed significant negative correlations between
eGFR and multiple inflammatory markers. Specifically,
LnSIRI (r = -0.186, p<0.001), LnSII (r = -0.118, p=0.02),
LnMHR (r = -0.144, p=0.005), LnNHR (r = -0.224,
p<0.001), LnNLR (r = -0.293, p<0.001), and LnMLR (r
= -0.252, p<0.001) all showed significant negative cor-
relations with eGFR, indicating that as renal function

worsens, systemic inflammation increases. However,
LnAISI did not show a significant correlation with eGFR
(r=-0.059, p=0.247).

Association of inflammatory markers with carotid plaque

After adjusting covariates, Logistic regression suggested
an increase in the LnSIRI (OR=1.87, 95%CI=1.25-2.80),
LnSII (OR=1.67, 95%CI=1.09-2.56), LnAISI (OR=1.70,
95% CI=1.22-2.37), LnMHR (OR=1.94, 95% CI=1.15-
3.26), LnNHR (OR=1.82, 95% CI=1.10-3.02) and
LnMLR (OR=2.26, 95% CI=1.18-4.34) were associated
with a higher prevalence odds of carotid plaque (Table 2).
Compared to the first quartile of SIRI, AISI, MHR,
NHR, each increase in a quartile of these inflammatory
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Table 2 Adjusted ORs (95% Cls) for carotid plaque according to categorical or continuous inflammatory biomarkers
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Variables Model1 Model2 Model3
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P

LnSIRI 1.76 (1.30-2.38) <0.001 1.84 (1.26-2.69) 0.002 1.87 (1.25-2.80) 0.002
SIRI tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 147 (0.85-2.52) 0.166 1.14 (0.60-2.18) 0.692 1.12(0.57-2.22) 0.743

3 2.26 (1.33-3.85) 0.003 2.24(1.19-4.22) 0.012 2.30(1.17-4.51) 0.015
P for trend 0.003 0.007 0.007
LnSlI 147 (1.05-2.06) 0.025 1.72 (1.14-2.59) 0.009 1.67 (1.09-2.56) 0.020
Sl tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.12 (0.66-1.89) 0.679 1.26 (0.67-2.39) 0472 1.37 (0.71-2.66) 0.348

3 1.52 (0.90-2.55) 0.115 1.83(0.99-3.39) 0.055 1.77 (0.92-3.40) 0.085
P for trend 0.100 0.052 0.095
LnAISI 1.55 (1.20-2.00) <0.001 1.71(1.24-2.35) <0.001 1.70 (1.22-2.37) 0.002
AlS| tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.89 (1.10-3.25) 0.021 1.61(0.85-3.05) 0.144 1.51(0.78-2.93) 0.226

3 2.24(1.30-3.84) 0.004 227 (1.20-4.27) 0.011 2.32(1.20-4.49) 0.013
P for trend 0.009 0.016 0014
LnMHR 1.75(1.20-2.54) 0.004 1.76 (1.08-2.89) 0.024 1.94 (1.15-3.26) 0.013
MHR tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.52 (0.88-2.60) 0.130 1.30 (0.68-2.50) 0432 1.36 (0.69-2.67) 0378

3 2.19(1.29-3.73) 0.004 223 (1.12-4.46) 0.023 249(1.21-5.12) 0.013
P for trend 0.004 0.019 0011
LnNHR 1.39(0.96-2.03) 0.085 1.76 (1.09-2.82) 0.020 1.82(1.10-3.02) 0.020
NHR tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.16 (0.68-1.97) 0.582 1.14 (0.60-2.18) 0.683 1.11(0.57-2.15) 0.763

3 1.63 (0.97-2.74) 0.066 2.20(1.14-4.25) 0.019 2.23(1.10-4.53) 0.026
P for trend 0.058 0.012 0.019
LnNLR 1.56 (1.06-2.30) 0.025 1.63 (1.02-2.60) 0.041 1.62 (0.97-2.71) 0.063
NLR tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.08 (0.63-1.84) 0.791 0.96 (0.51-1.81) 0.895 1.16 (0.60-2.25) 0.660

3 1.82 (1.08-3.07) 0.024 1.84 (0.98-3.46) 0.058 2.00 (0.99-4.03) 0.052
P for trend 0.014 0.030 0.039
LnMLR 2.83(1.72-4.64) <0.001 2.04(1.13-3.69) 0.018 2.26(1.18-4.34) 0014
MLR tertiles

1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

2 1.58 (0.91-2.74) 0.102 1.01(0.53-1.92) 0.983 1.01 (0.51-2.00) 0977

3 246 (1.44-4.21) <0.001 1.53(0.82-2.86) 0.182 1.61(0.82-3.16) 0.164
P for trend <0.001 0.139 0.119

Modell: Crude

Model2: Adjust: sex, age, BMI

Model3: Adjust: sex, age, BMI, eGFR, smoking, diabetes mellitus, hypertension, cardiovascular and cerebrovascular diseases, hemoglobin, serum albumin

AISI: aggregate inflammatory status index; BMI: body mass index; Cl: confidence interval; eGFR: estimated glomerular filtration rate; Ln: natural logarithm; MHR:
monocyte to high-density lipoprotein cholesterol ratio; MLR: monocyte to lymphocyte ratio; NHR: neutrophil to high-density lipoprotein cholesterol ratio; NLR:
neutrophil to lymphocyte ratio; OR: odds ratio; SII: systemic immune-inflammation index; SIRI: systemic inflammatory response index
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markers were significantly associated with an increased
OR for carotid plaque, and there is a significant trend
(P-trend<0.05, Table 2). Figure 2 reveals no nonlinear
association of inflammatory markers with carotid plaque
through restricted cubic spline analysis.

Subgroup analysis
In the subgroup analysis based on the natural logarithm-
transformed levels of inflammatory markers (Fig. 3), the
associations between the markers and carotid plaque
were similar across most strata (P for interaction>0.05).
A significant interaction was observed only for MLR and
carotid plaque in the context of hypertension (P=0.018).
We further observed that inflammatory markers,
including SIRI, SII, MHR, NLR, and MLR, were sig-
nificantly associated with carotid plaque formation in
patients with eGFR<15 mL/min/1.73 m? while NHR did
not show a significant association in this group (Fig. 3).

The mediating roles of eGFR in the relationship between
inflammatory markers and carotid plaque

Table 3 presents the mediating effect of eGFR on the
association between inflammatory markers and carotid
plaque risk. This study revealed significant indirect
effects of inflammatory markers (LnSIRI, LnSII, LnMHR,
LnMLR) on carotid plaque risk through eGFR (P val-
ues<0.05). The proportions mediated by eGFR for the
inflammatory-associated carotid plaque were 14.8%,
17.5%, 15.1%, and 14.7%, respectively.

Discussion
This study aimed to elucidate the relationship between
inflammatory markers and carotid plaques in patients
with CKD, and to explore the potential mediating role
of eGFR. Our findings indicated that elevated levels of
inflammatory markers such as the SIRI, SII, AISI, MHR,
NHR, and MLR are significantly associated with the pres-
ence of carotid plaques in CKD patients. The association
was consistent among various subgroups. Our subgroup
analysis further highlighted that in patients with severe
renal dysfunction (eGFR<15 mL/min/1.73 m®), most
inflammatory markers, including SIRI, SII, MHR, NLR,
and MLR, were strongly associated with carotid plaques,
suggesting that systemic inflammation may play a more
pronounced role in atherosclerosis in advanced CKD
stages. Furthermore, eGFR was found to partially medi-
ate the relationship between these inflammatory markers
and carotid plaques. These results underscored the criti-
cal role of inflammation in the pathogenesis of athero-
sclerosis in CKD patients and highlighted the importance
of renal function in modulating this relationship.
Inflammation plays a pivotal role in the development
of atherosclerosis and carotid plaques [16]. Numerous
studies have highlighted the association between various
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inflammatory markers and arterial plaque formation.
Higher SII levels have been linked to increased arterial
plaque burden. A study [17] demonstrated that SII was
independently associated with the presence of carotid
plaques in a general population, suggesting its role in ath-
erosclerosis development. Another retrospective case-
control study [18] analyzed the relationship between
novel inflammatory markers and carotid atherosclero-
sis in a cohort of 10,015 patients. The study found that
higher levels of NLR, neutrophil-to-lymphocyte plate-
let ratio (NLPR), SII, SIRI, and AISI were significantly
associated with carotid atherosclerosis. Among these
markers, NLPR demonstrated the highest predictive
value for carotid atherosclerosis, suggesting its poten-
tial as an effective early warning indicator for carotid
atherosclerosis.

The MHR has also been identified as a significant
marker for arterial plaque formation. A study [19]dem-
onstrates that the MHR was a significant predictor of
carotid intima-media thickness in patients with type 2
diabetes mellitus. MHR was shown to be correlated with
both the presence and progression of subclinical carotid
atherosclerosis, making it a useful measure for evaluating
cardiovascular risk in diabetic patients.

CKD is intrinsically linked with a heightened inflam-
matory state [7], which plays a pivotal role in the progres-
sion of the disease and its associated complications. This
persistent inflammation is largely due to the impaired
clearance of the cytokines by the damaged kidneys, lead-
ing to their accumulation in the bloodstream. Moreover,
uremic toxins, which accumulate as kidney function
declines, further stimulate the production of inflamma-
tory mediators [20]. The chronic inflammatory state in
CKD contributes to atherosclerosis and vascular calcifi-
cation, significantly increasing the risk of the formation
of carotid plaques [21, 22].

We conducted a correlation analysis to explore the
relationships between eGFR and various inflammatory
markers. Our findings demonstrated significant nega-
tive correlations between eGFR and most inflamma-
tory markers, including SIRI, SII, MHR, NHR, NLR,
and MLR. This suggests that as renal function deterio-
rates, systemic inflammation tends to increase, consis-
tent with the role of inflammation in the progression of
CKD. The lack of significant correlation between AISI
and eGFR may indicate that not all inflammatory mark-
ers are equally influenced by renal function, highlighting
the complex and multifaceted nature of inflammation in
CKD. These results underscore the importance of con-
trolling both inflammation and preserving renal function
to mitigate cardiovascular risks in CKD patients.

The partial mediation of the relationship between
inflammatory markers and carotid plaques by eGFR
highlighted the complex interplay between renal function
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Fig. 2 Restricted cubic spline (RCS) plots showing the non-linear relationship between natural logarithm-transformed inflammatory biomarkers and the
odds of carotid plague in chronic kidney disease (CKD) patients. (A) Systemic Inflammatory Response Index (LnSIRI); (B) Systemic Immune-Inflammation
Index (LnSll); (C) Aggregate Inflammatory Status Index (LnAISI); (D) Monocyte to High-Density Lipoprotein Cholesterol Ratio (LnMHR); (E) Neutrophil to
High-Density Lipoprotein Cholesterol Ratio (LnNHR); (F) Monocyte to Lymphocyte Ratio (LnMLR). The red lines represent the odds ratios (ORs) for carotid
plague with 95% confidence intervals (Cls) shaded in pink. The dotted horizontal line represents the reference value (OR=1). P for overall indicates the
overall significance of the association, and P for nonlinearity tests whether the relationship deviates from linearity
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Fig. 3 Forest plots showing the adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for the association between natural logarithm-transformed
inflammatory biomarkers and carotid plaque across different subgroups of chronic kidney disease (CKD) patients. (A) Systemic Inflammatory Response
Index (LnSIRI); (B) Systemic Immune-Inflammation Index (LnSll); (C) Aggregate Inflammatory Status Index (LnAlSI); (D) Monocyte to High-Density Lipo-
protein Cholesterol Ratio (LnMHR); (E) Neutrophil to High-Density Lipoprotein Cholesterol Ratio (LnNHR); (F) Monocyte to Lymphocyte Ratio (LnMLR). The
subgroups include overall population, sex (female and male), age (<60 and > 60 years old), body mass index (BMI) categories (< 25, 25-30, and > 30 kg/
m?), estimated glomerular filtration rate (eGFR) categories (< 15, 15-30, 30-50, and >50 ml/min/1 73m?), smoking status (smokers and non-smokers),
diabetes mellitus (yes and no), hypertension (yes and no), and cardiovascular and cerebrovascular diseases (CCVD) (yes and no). P for interaction values

indicate the statistical significance of the interaction between the subgroups and the inflammatory biomarkers

and inflammation in the pathogenesis of atherosclerosis.
Reduced eGFR reflected impaired renal clearance, which
can lead to an accumulation of inflammatory mediators
and exacerbate vascular inflammation and plaque forma-
tion [10, 23, 24].

Our findings highlighted a significant association
between inflammation and atherosclerosis in CKD
patients, with eGFR playing a partial mediating role in
this relationship. Clinically, this suggests that managing
systemic inflammation and preserving renal function are
critical strategies for reducing the risk of atherosclerosis
and related cardiovascular events in CKD patients. In the
context of hospital care, we recommend a comprehensive
approach that includes routine monitoring of inflamma-
tory markers and renal function. Therapeutic interven-
tions should focus on anti-inflammatory strategies and
optimization of renal protection, including careful man-
agement of blood pressure, proteinuria, and the use of
nephroprotective agents. Additionally, early detection of
atherosclerotic changes via carotid ultrasound or other
modalities could guide timely intervention to prevent
further cardiovascular complications.

Study limitations

Despite the significant findings, our study has several
limitations that warrant consideration. First, the cross-
sectional design precludes the establishment of causal-
ity between inflammatory markers and carotid plaques.
Longitudinal studies are needed to confirm these asso-
ciations and elucidate the temporal relationship between
inflammation, renal function, and atherosclerosis. Sec-
ond, the study population was limited to patients admit-
ted to a single nephrology division, which may limit the
generalizability of the findings to broader CKD popu-
lations. Third, the reliance on ultrasound imaging for
carotid plaque assessment, while widely used, may be
subject to operator variability and measurement error.
Fourth, the absence of inflammatory markers such as
tumor necrosis factor-alpha (TNF-a) and interleukin-6
(IL-6) may overlook potential inflammatory pathways
involved in the development of carotid plaques, thus
limiting a comprehensive understanding of the underly-
ing mechanisms. Fifth, the relatively small sample size
may affect the generalizability of the findings. Therefore,
further studies with larger cohorts are required to vali-
date our results and confirm the observed associations.

Additionally, other factors such as genetic predisposi-
tion and the impact of concurrent medications were not
accounted for in our analysis, which could confound the
observed associations. Last limitation is the potential bias
introduced by focusing on hospitalized CKD patients.
Due to the highly individualized nature of hospitalization
processes—such as patients admitted for various reasons
including diagnostic procedures, treatment adjustments,
or preparation for dialysis—the underlying conditions for
admission could vary significantly and are difficult to cat-
egorize uniformly. This heterogeneity in hospitalization
reasons may influence the associations observed in our
study, and therefore, caution is needed when generalizing
the results to broader CKD populations.

Conclusion

In conclusion, our study demonstrated that elevated lev-
els of inflammatory markers were significantly associated
with the presence of carotid plaques in CKD patients,
with eGFR partially mediating this relationship. These
findings highlighted the critical role of inflammation in
the pathogenesis of atherosclerosis in CKD patients and
underscore the importance of maintaining optimal renal
function to mitigate atherosclerosis risk.
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Table 3 Mediation of eGFR for the associations between inflammatory biomarkers and carotid plaque

Independent Mediator Total effect Indirect effect Direct effect Proportion
variable Coefficient (95% Cl) P Coefficient (95% Cl) P Coefficient (95% Cl) P mediated, %
(95% ClI)
LnSIRI eGFR 0.133(0.062,0.212) <0.001 0.020 (0.007,0.036) 0.004 0.113(0.045,0.194) 0.004 148 (5.1,32.1)
LnSli eGFR 0.021 (0.002, 0.029) 0.008 0.004 (0.000, 0.016) 0.016 0.018 (0.000, 0.025) 0.048 17.5(2.2,83.8)
LnAlISI eGFR 0.027 (0.009, 0.035) <0.001 0.002 (-0.001, 0.006) 0.204 0.026 (0.009, 0.033) <0.001 5.7 (-44,194)
LnMHR eGFR 0.055 (0.011,0.073) 0.004 0.008 (0.001, 0.023) <0.001 0.047 (0.009, 0.062) 0.008 15.1(3.9,41.7)
LnNHR eGFR 0.077 (-0.003, 0.124) 0.076 0.033 (0.011, 0.055) <0.001 0.043 (-0.034,0.103)  0.344 434 (-191.6,
335.6)
LnMLR eGFR 0.180 (0.135,0.195) <0.001 0.026 (0.005, 0.053) 0.008 0.154 (0.101,0.179) <0.001 14.7 (3.1,32.5)
LnNLR eGFR 0.133(0.062,0.212) 0.100 -0.019 (-0.043,0.001)  0.056 0.078 (0.009, 0.148) 0.012 -31.6 (-308.9,
200.7)

AlSI: aggregate inflammatory status index; Cl: confidence interval; eGFR: estimated glomerular filtration rate; Ln: natural logarithm; MHR: monocyte to high-density
lipoprotein cholesterol ratio; MLR: monocyte to lymphocyte ratio; NHR: neutrophil to high-density lipoprotein cholesterol ratio; NLR: neutrophil to lymphocyte
ratio; SlI: systemic immune-inflammation index; SIRI: systemic inflammatory response index

Abbreviations
CKD chronic kidney disease

eGFR estimated glomerular filtration rate

SIRI systemic inflammatory response index

N systemic immune-inflammation index

AlSI aggregate inflammatory status index

MHR monocyte to high-density lipoprotein cholesterol ratio
NHR neutrophil to high-density lipoprotein cholesterol ratio
MLR monocyte to lymphocyte ratio

BMI body mass index

IMT intima-media thickness

RCS restricted cubic spline

KDIGO  Kidney Disease: Improving Global Outcomes
CCvD cardiovascular and cerebrovascular diseases
OR odds ratio

cl confidence interval

ALT alanine aminotransferase

AST aspartate aminotransferase

TNF-a tumor necrosis factor-alpha

IL-6 interleukin-6

BUN blood urea nitrogen

SCr serum creatinine

HDL-C  high-density lipoprotein cholesterol

IQR interquartile range

NLPR neutrophil-to-lymphocyte platelet ratio
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